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I[ntroduction 

The purpose of t h i s  project is t o  design and evaluate speech processors 
for multichannel auditory prostheses. Ideally, the processors w i l l  extract 
(or  p r e s e r v e )  from speech t h o s e  parameters t h a t  are essential for 
i n t e l l i g i b i l i t y  and t h e n  appropriately encode these parameters f o r  
electrical stimulation of the auditory nerve on a sector-by-sector basis. 
Work i n  t h i s  quar te r  was d i rec ted  a t  (1) completing the  construction and 
beginning the checkout of a hardware interface between t h e  Eclipse computer 
and pa t ien t  electrodes, for use i n  tests t o  be conducted a t  the Uni.versity 
of California a t  San Francisco (UCSF); (2) completing the  f i rs t  versions of 
t he  software f o r  our computer-based simulator of multichannel speech 
processors, for use in the same tests; (3) obtaining and instal l ing hardware 
and software components f o r  our computer system a t  Research Tr iangle  
I n s t i t u t e  (RTI), with the  a i m  of making t h e  computer system a t  RTI f u l l y  
compatible with t h e  one a t  UCSF; and (4) fur ther  development of our 
integrated f ield-neuron model of electrical stimulation by intracochlear 
electrodes.  I n  t h i s  report  w e  w i l l  b r i e f l y  describe these  e f f o r t s  and 
outline our plans for the next quarter. 

Barc3war.e InteEface 

A preliminary descr ipt ion of the  RTI interface for communication 
between t h e  Ecl ipse  computer and pa t i en t  e lec t rodes  was presented i n  
Appendix 1 of the l a s t  quarterly report for t h i s  project. Several design 
changes have been made s ince  t h i s  descr ipt ion was wri t ten,  including the  
addition of conditiofiing circuitry for reliable transmission of d ig i ta l  data 
bethFen the computer room and the test site (the test site is several rooms 
away from t h e  computer room and both loca t ions  a r e  i n  noisy e l e c t r i c a l  
environments); modification of t he  output d r ive r  circuit ,  i n  which t h e  
"charge f i l t e r "  is eliminated and the  l i n e a r i t y  of output is improved; 
addition of an isolated AC power supply, t o  eliminate the need for frequent 
survei l  lance and replacement of batteries; modification of the logic decoder 
c i r cu i t ry ,  t o  a l low communications not only with the  Ecl ipse  b u t  w i t h  a 
v a r i e t y  of other computers; and improvement of t h e  art ifact-suppression 
circuit f o r  monitoring e lec t rode  impedances and intracochlear  evoked 
responses. Although t h e  hardware in t e r f ace  is now a more powerful and 
useful  instrument than o r i g i n a l l y  envisioned, these changes did require 
considerable e f f o r t  t o  implement. A t  present, s i x  of t h e  seven boards i n  
the interface have been constructed and are  being populated with chips for a 
full functional checkout, Development of the controlling software for the 
unit  is proceeding in a p a r a l l e l  effort, Our target date for completion of 
both t h e  hardware and software is August 20, The un i t  w i l l  then be 
transported t o  UCSF for f ina l  installation, functional testing and extensive 
saftey evaluation. 

ComDuter-Based S imulator 

A preliminary set of notes on software development for our computer- 
based simulator of speech processors for mu1 tichannel auditory prostheses 
w a s  presented in  Apmdix 2 of the last quarterly report for th i s  project. 
A l a r g e  e f f o r t  was mounted i n  t he  present quarter  t o  complete the  f i r s t  
working versions of a l l  programs in t h i s  computer-based simulator, These 
programs include the following: 
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DESIGN 

MODIFY 

PREPARE 

MEm 

- executive program for managing communications between and 
execution of other programs i n  the se t  of simulation 
programs; 

- program for design of a signal-processing system, in which 
the user specifies the function and topology of each block i n  
a network of blocks; 

- program t o  modify signal-processing systems previously 

- program that  transforms the f i l e s  generated by program DESIGN 

defined by program DESIGN; 

into f i l e s  that  are used by program MECUFF,; 

- program that executes the simulation of signal-processing 
system on a "once-per-clock-tick" basis 

SHowM7ELT_I - program for display of outputs generated by MECUI'E, either 
as graphs on the computer console or as acoustic signals 
produced over the  D/A converter; 

SAMPLE - program t o  sample speech and other data with the A/D 
converter, and t o  store these data on the disk in  contiguous 
f i l e s  with identifying headers; 

AsNELEC - program t o  assign electrode channels t o  receive data from 
the outputs 02 EXLCm, and t o  transform these data into the 
format for control of and comnunication with the hardware 
interface between the  Eclipse and electrodes; 

TEs!I! - program t o  send data out t o  the electrodes from the f i l e s  
generated by program ASh'ELEc, t o  monitor and log patient 
responses t o  stimuli, t o  automate impeaance measurements, and 
t o  verify that  the proper electrode-selection plug is in 
place for the present test and patient. 

A t  present, we have a working version of a l l  programs except for ASNELEC and 
TEST. Some software has been written for these last two programs, but t h i s  
code cannot be tested unt i l  t h e  har =re interface is completed and u n t i l  

computer system a t  RTI. A s  w i l l  be mentioned i n  the next section, w e  j u s t  
received these pieces  of equipment and i n s t a l l a t i o n  a t  t h i s  t i m e  is 
incomplete , 

the Data Control U n i t  (XU) and corn !in ications chassis are instal led i n  our 

Performance of the remaining programs i n  the set is most encouraging. 
W e  have evaluated the DESIGN, PREPARE and MECUI'E programs by specifying and 
then simulating a four-channel vocoder system that emulates one version of 
the present UCSF speech processor for multichannel auditory prostheses, The 
e n t i r e  system could be specif ied i n  about f i f t e e n  minu tes ,  and the  t i m e  
required for simulation of the system was comparable t o  the time required 
f o r  simulation i n  a "benchmark" program t h a t  implemented the  system with 
straight-line code. In contrast t o  the  quick specification of the network 
using program DESIGN, preparation and debugging of t h e  benchmark program 
required a f u l l  day of programming ef for t .  Thus, our purpose fo r  wri t ing 
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t h e  programs l i s t e d  above is c l e a r l y  met i n  t h a t  w e  now have a t o o l  f o r  
rapid and practical  emulation of different speech processors for tests with 
s ingle  subjects. Because we plan to  incorporate many improvements in  the 
present set of programs during the next quarter, a f u l l  description of the 
RTI computer-based simulator of speech processors for multichannel auditory 
prostheses is deferred for now but  w i l l  appear in our next quarterly report. 

Hardware and So ftware for the RTI C omuter Sv stem 

Another ac t iv i ty  of t h i s  quarter w a s  to  obtain and i n s t a l l  hardware and 
software components f o r  our computer system a t  RTI so t h a t  t h e  RTI system 
would be completely compatible with the system a t  UCSF. This turned out t o  
be a large undertaking. The hardware and software components included (1) a 
communications chassis;  (2) a d i g i t a l  cont ro l  u n i t  (DCU 200); (3) an 
additional 128 kword memory board; (4) a programmable interval  timer board; 
and (5) the  Data General AOS operating system. The hardware corrponents (1- 
4) have j u s t  been received from various suppl ie rs ,  and are now being 
i n s t a l l e d  and tested. W e  have had the  AOS operating system running f o r  
approximately two months. During t h i s  period we have become facile with its 
use and have converted mst of our signal-processing programs o r i g i n a l l y  
developed under the RDOS operating system into program tha t  w i l l  execute 
under AOS. 

.Integrated F ield-Neuron Model 

The f ina l  major thrust of t h i s  quarter w a s  further developrent of our 
integrated field-neuron model of e l e c t r i c a l  s t imulat ion by intracochlear  
electrodes. As described i n  detail i n  the l a s t  quarterly report for t h i s  
project, one component of the model calculates the electrical f ie ld  patterns 
surrounding neural elements within the cochlea. This calculation provides 
estimates of t he  p o t e n t i a l  gradients  along the  course of axons for  given 
geometries and types of e lectrodes,  and fo r  givenstimuluswaveforms. A 
finite-element technique is used for simulation of t h e  electric f i e l d  
pa t t e rns  and present work is focused on a two-dimensional model of a mid- 
modiolar cross section. 

The other  major component i n  t h e  integrated field-neuron model is a 
Frankenhauser-Huxley description of events a t  the target neurons. Effort in 
t h i s  quarter was d i rec ted  a t  wri t ing and t e s t i n g  t h e  software fo r  t h i s  
component of t he  integrated model. I n  the  following paragraphs w e  w i l l  
b r ie f ly  indicate our strategies and objectives for determining the patterns 
of neural discharge that result from intracochlear electrical stimulation. 

Firs t ,  t h e  results from the  finite-element computation for  a s i n g l e  
neuron may be described by the equivalent electrical circuit shown in Figure 
1. R e 1  and Re2 are the  series DC resistances of t h e  e lec t rodes  1 and 2, 
respectively. C e l  and Ce2 are  the electrode/tissue interface capacitances. 
Resistive dividers formed by the combination of Rax and Rbx (x ranges from 1 
t o  N) are d is t r ibu ted  along t h e  course of the  axon. The r a t i o s  of Rax t o  
Rbx are adjusted t o  produce the node voltages (vl t o  VN), as calculated by 
the finite-elen-ent model. Cs is the electrode cable shunt capacitance. The 
current driver is described as a Norton equivalent circuit whose parameters 
may be changed t o  represent the transcutaneous rf l i nk  or the high-voltage 
compliance current sources used with the percutaneous cable. Observation of 
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t he  model demonstrates (1) t h a t  t he  absolu te  magnitude of t he  p o t e n t i a l s  
along the course of the neuron is a direct  function of t h e  magnitude of the 
s t imulus  current and (2) that  the re la t ive  ratios of the potentials along 
t h e  neuron a re  a f u n c t i o n  of t h e  p h y s i c a l  geometry and r e s i s t i v e  
characteristics of the electrodes and surrounding tissue. 

The motivating interest  in  the integrated model is i n  predicting and 
s tudy ing  t h e  d i s c h a r g e  c h a r a c t e r i s t i c s  of the  neurons themselves, 
Consequently, t he  next s t e p  of modeling is the  ca l cu la t ion  of n e u r a l  
responses t o  s t i m u l i  de l ivered  by implanted electrodes.  This moves t h e  
modeling problem into the time domain and therefore links the modeling work 
direct ly  t o  the issues of speech-encoding strategies and the specification 
of s t i m u l u s  current  waveforms. It  is here t h a t  t he  modeling approach may 
prove most valuable by providing insight into the factor controlling the 
temporal features of electrically-induced neural firing. 

Temporal modeling is accomplished by feeding the calculated voltages 
along the neuron into a lumped-element model of a myelinated neuron. This 
approach is described schematically in  Figure 2. A modification of McNeal’s 
(1976) axon model of resistively-linked, Frankenhauser-Huxley nodes is used. 
The modified model accounts for the myelinated axon cable properties, which 
largely determine the conduction velocit ies of propagated action potentials. 

Presently, an expanded, lurtiped-element We1 similar t o  that  indicated 
i n  Figure 2 has been implemented on the  Eclipse. Nine a c t i v e  nodes .of 
Ranvier a r e  included, each separated by ten  myelin segments. The 
calculations involve the solution of a system of simultaneous, nonlinear 
node equations. The program for hplementing these calculations is complex 
and not ye t  completely f r e e  of bugs. Once a l l  bugs a r e  ident i f ied  and 
corrected,  emphasis on fur ther  development of t h e  program w i l l  be t o  
increase the  speed of computation by bui lding “ in te l l igence”  i n t o  t h e  
integrat ion and loop i t e r a t i o n  algorithms. Several  s tud ie s  involv ing  
electrical stimulation of single fibers have been indentified for i n i t i a l  
verification of the neural d e l .  W e  hope t o  present results of these and 
other studies conducted with the integrated field-neuron model in the next 
quarterly report. 

ans for the Next (Xlarter 

The most important a c t i v i t y  planned f o r  t h e  nex t  quarter is t o  begin 
pa t i en t  t e s t i n g  a t  UCSF. Unfortunately, w e  were unable t o  begin t e s t i n g  
during the last quarter because of technical problems with the percutaneous 
l i n k  of the patient implanted in  mid March and because many of the too l s  we 
wanted t o  u s e  i n  the  tests were still  undergoing development. Another 
pa t ien t  w i l l  be implanted a t  UCSF in  the near future, and we w i l l  be f u l l y  
prepared for tests w i t h  t h i s  patient. Our present plan is t o  v i s i t  the UCSF 
team during t h e  week of August 20 t o  (1) i n s t a l l  and t e s t  the hardware 
interface for comunication between the Eclipse and pa t i en t  electrodes; (2) 
review the lists of experimental objectives that  have been prepared by the 
UCSF and RTI teams, t o  decide on t h e  set of experiments t h a t  w i l l  have 
pr ior i ty  for tests with th i s  next patient; (3) i n s t a l l  and test the so f twre  
of our computer-based simulator of speech processors fo r  multichannel 
auditory prostheses; (4) i n s t r u c t  t he  UCSF team on the  function and u s e  of 
t h e  hardware in te r face  and computer-based simulator; and (5) rece ive  
ins t ruc t ion  on the  d e t a i l s  of psychophysical t e s t ing  procedures a t  UCSF. 
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Successful completion of these ac t iv i t ies  should provide a firm foundation 
for  tests with t h e  next  pa t ien t ,  which hopeful ly  w i l l  be w e l l  underway 
during t h e  upcoming quarter, 

I n  addition t o  the  work j u s t  ou t l ined  ( t o  prepare f o r  tests a t  UCSF), 
we w i l l  continue t o  develop our software for simulation of speech processors 
and for the integrated field-neuron model, The directions we w i l l  take for 
these effor ts  have been indicated i n  previous sections of this report. 
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